In the present paper, the antibacterial activity of some 1-benzylbenzimidazole derivatives was evaluated against Gram-positive bacteria Bacillus spp. by using QSAR (quantitative structure-activity relationship). The tested compounds displayed in vitro antibacterial activity and minimum inhibitory concentration (MIC) was determined for all compounds. The lipophilicity descriptors of the studied compounds were measured by theoretical calculation (ClogP). The correlation between the MIC (log1/c MIC ) and lipophilicity descriptors was investigated, and a mathematical model has been developed as a calibration model for predicting the antibacterial activity of this class of compounds. The quality of the model was validated by leave one out (LOO
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INTRODUCTION
The activities used in quantitative structure-activity relationship (QSAR) include chemical measurements and biological assays. For example, biological activity can be expressed quantitatively as the concentration of a substance required to give a certain biological response. Additionally, when physiochemical properties of the structures are expressed by numbers, one can find a quantitative structure-activity relationship between the properties and the structures. The mathematical expression can then be used to predict the biological response of some other chemical structures. QSARs are currently being applied in many disciplines, such as drug design and environmental risk assessment. Using QSAR, it is possible to obtain an estimate of the activity of a chemical from its molecular structure. QSAR offers the possibility for screening a large number of chemicals in a short time and at a cost (1) (2) (3) (4) . Therefore, it is the basic tenet of chemistry to attempt to identify these assumed relationships between the molecular structure and physico-chemical properties and then to quantify them.
A large number of research studies are nedded to analyze the pharmacophore present in these compounds using the three-dimensional QSAR methods. The physicochemical properties predicted from structure are helpful in the search for new molecules of similar or increased biological activity. The QSAR studies enable the investigators to establish reliable quantitative relationships, to derive a QSAR model and predict the activity of novel molecules prior to their synthesis (1) (2) (3) (4) . These studies reduce the trial and error element in the design of compounds by establishing mathematical relationships between physical, chemical, biological, or environmental activities of interest and measurable or computable parameters such as physicochemical, electronic, topological, or stereochemistry. The 3D-QSAR methodology has been succesfully used to generate models for various chemotherapeutic agents.
Several thousands of benzimidazole analogs have been synthesized and screened for pharmacological activity. They are of wide interest because of their diverse biological activity and clinical applications. These heterocyclic systems have different activities as they can act as bacteriostats or bactericides, as well as fungicides and they possess antiparasitic, antitumoral, antiprotozoal and antiviral activities (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) . It was confirmed that they have a moderate in vitro anti-HIV activity (17) . The success with these group of molecules stimulated the search for new biologically active derivatives. The understanding of the influence of chemical structure on biological activity is very important. Predictions of the biological and physicochemical properties of molecules based on their structure are the fundamental and most interesting objectives of chemistry.
In view of the above and in continuation of our studies on inhibitory activities of benzimidazole derivatives (18) (19) (20) (21) (22) (23) (24) , as well as on the correlation of molecular properties with activity, the objective of this investigation was to study the usefulness of QSAR in the prediction of the antibacterial activity of benzimidazole derivatives against Bacillus sp. A multiple linear regression (MLR) model has been developed as a mathematical equation which relates the chemical structure to the inhibitory activity.
EXPERIMENTAL
The investigated compounds (Table 1) were synthesized by a procedure described earlier (25) .
Antibacterial Activity
All 1-benzylbenzimidazole derivatives were evaluated for their in vitro growth inhibitory activity against Gram-positive bacteria Bacillus spp. Antibacterial activities of the compounds were tested by the disc-diffusion method under standard conditions using Mueller-Hinton agar medium as described by NCCLS (26) . The investigated isolate of bacteria was seeded in the tubes with nutrient broth (NB). A volume of 1 cm 3 of seeded NB was taken and homogenized in tubes with 9 cm 3 of melted (45 o C) nutrient agar (NA). The homogenous suspension was poured out in Petri dishes. The discs of filter paper (diameter 6 mm) were ranged on cool medium. After cooling on formed solid medium, 110 -5 dm 3 of the investigated compounds (γ=1000 g/ml) were placed with a micropipette. After incubation for 24 hours in thermostat at 37 o C, inhibition (sterile) zone diameters (including disc) were measured (in mm). Each test was done in three replications. Minimum inhibitory concentration (MIC) was obtained by the broth dilution method according to the guidelines established by the NCCLS standard M7-A5 (27) . The MIC of tested benzimidazoles is defined as the lowest concentration of the compound at which no growth of the strain was observed in a specified period of time and under specified experimental conditions. Stock solutions of the compounds were prepared in dimethylformamide (DMF), and further dilutions were performed with distilled water. The inoculated plates were than incubated at 37 o C for 20-24h. A control (DMF without test compound), was included for each of the organisms. There was no inhibitory activity in the wells containing only DMF. The MIC values of the benzimidazoles tested were obtained as g/ml. For further QSAR analyses, the negative logarithms of molar MICs (log1/c MIC ) were used. 
Molecular Modeling and Descriptor Generation
All molecular modeling studies were performed by using HyperChem 7.5 software (HyperCube Inc, Version 7.5) running on P-III processor (28). HyperChem includes a model builder that turns a rough 2D-sketch of a molecule into 3D. The created 3D models were cleaned up and subjected to energy minimization using molecular mechanics (MM 2 ). The minimization is executed until the root mean square (RMS) gradient value reaches a value smaller than 0.1kcal/molA. The Austin Model-1 (AM-1) method was used for re-optimization until the RMS gradient attains a value smaller than 0.0001kcal/molA using MOPAC. The lowest energy structure was used for each molecule to calculate the molecular descriptor of lipophilicity (ClogP) ( Table 2 ). 
Statistical Methods
The complete regression analyse were carried out by PASS 2005, GESS 2006, NCSS Statistical Softwares (29).
RESULTS AND DISCUSSION
The results of antibacterial studies of 12 benzimidazole derivatives against Grampositive bacteria Bacillus sp. are summarized in Table 3 . As is evident, all the compounds show noteworthy antibacterial activities against the tested bacteria. Consequently, the compounds with high log1/c MIC (or low MIC) are the best antibacterials. In an effort to determine the role of structural features, QSAR study was undertaken. A set of benzimidazoles consisting of 12 molecules was used for multilinear regression model generation.
Inhibitory activity data (log1/c MIC ), were used as a dependent variable in the QSAR study. The lipophilicity parameters were used as independent variables and were correlated with antibacterial activity. An attempt has been made to find structural requirement for inhibition of Gram-positive Bacillus spp. By applying the QSAR Hansch approach on benzimidazole derivatives. To obtain the quantitative effects of the lipophilicity parameter of benzimidazole derivatives on their antibacterial activity, QSAR analysis with logP was operated.
The lipophilicity parameters tend to correlate with antibacterial activity (MICs), but in a more general case this relationship is not linear. Therefore, a regression analysis was made resorting to linear and quadratic. The statistical quality of the generated models is determined by statistical measures: correlation coefficient (r), the standard error of estimation (s), and F-test (Fisher's value) for statistical significance (30) (31) (32) . The correlation coefficient (or coefficient of multiple determination) is a relative measure of the fit by the reggression equation. Correspondingly, it represents the part of variation in the observed data that is explained by the regression. The correlation coefficient values closer to 1.0 represent the better fit of the regression. Standard deviation is measured by the error mean square, which expresses the variation of the residuals or the variation about the regression line. Thus, standard deviation is an absolute measure of the quality of fit and should have a low value for the regression to be significant. The F-test reflects the ratio of the variance explained by the model and the variance due to the error in regression. It is well known that there are three important components in any QSAR study: the development of models, validation of models and the utility of developed models. Validation is a crucial aspect of any QSAR analysis (33) . For testing the validity of the predicttive power of selected models the LOO technique was used. The developed models were validated by the calculation of the following statistical parameters: PRESS, SSY, S PRESS , r 2 CV , and r 2 adj (Table 4) . These parameters were calculated from the following equations.
where, Y obs , Y calc and Y mean are observed, calculated and mean values; n, number of compounds; p, number of independent parameters.
PRESS is an acronym for prediction sum of squares. It is used to validate a regression model with regard to its predictability. To calculate PRESS, each observation is individually omitted. The remaining n-1 observations are used to calculate a regression and estimate the value of the omitted observation. This is done n times, once for each observation. The difference between the actual Y value, y obs , and the predicted Y, y calc , is called the prediction error. The sum of the squared prediction errors is the PRESS value. The smaller PRESS is, the better the predictability of the model. Its value being less than SSY points out that the model predicts better than chance and can be considered statistically significant. SSY are the sums of squares associated with the corresponding sources of variation. These values are in terms of the dependent variable, y.
The above PRESS value above can be used to compute an r 2 CV statistic, called r 2 cross validated, which reflects the prediction ability of the model. This is a good way to The adjustment seeks to remove the distortion due to a small sample size.
In many cases r 2 CV and r 2 adj are taken as a proof of the high predictive ability of QSAR models. A high value of these statistical characteristics (>0.5) is considered as a proof of the high predictive ability of the model. But, recent reports have proved the opposite (34) . Although, the low value of r 2 CV for the training set can indeed serve as an indicator of a low predictive ability of a model, the opposite is not necessarily true. Indeed, the high r 2 CV does not imply automatically a high predictive ability of the model. Thus, the high value of LOO r 2 CV is the necessary condition for a model to have a high predictive power, but it is not a sufficient condition. The only way to estimate the true predictive power of a model is to test its ability to predict accurately the inhibitory activities of compounds. To confirm the predictive power of a model, the inhibitory activitiy of 12 molecules included in the study was calculated by the theoretical model. The data presented in Table 3 show that the observed and the estimated activities are very close to each other. It indicates the good predictability of the established model. Figure 1 shows the plots of linear regression predicted versus experimental values of the antibacterial activity of benzimidazoles investigated. To investigate the existence of a systemic error in developing the QSAR models, the residuals of predicted values of inhibitory activity were plotted against the experimental values in Figure 2 . The propagation of the residuals on both sides of zero indicates that no systemic error exists in the development of regression models as suggested by Jalali-Heravi and Kyani (35) . It indicates that these models can be successfully applied to predict the antibacterial activity of these class of molecules.
Analysis of the results indicates that the antibacterial activity exhibited by tested compounds is governed by the lipophilicity parameter, that is logP. It can be concluded that strong influence of the partition coefficient, logP, is important for the antibacterial activity and this parameter is usually related to pharmacological activity. This evidence was clearly described in lipid theory advanced by Meyer and Overton (36, 37) . According to this theory, logP is a measure of hydrophobicity which is important for the penetration and distribution of the drug, but also for the interaction of drug with receptors. 
